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(57) ABSTRACT 

A stackable microcircuit layer formed from a plastic encap- 
sulated microcircuit (PEM) and method of making the same 
is disclosed. The method involves the steps of starting with 
a commercially available PEM (e.g. a plastic Thin Small 
Outline Package or TSOP) that contains a microcircuit or die 
within an encapsulant and modifying the PEM to expose 
conductive members that are electrically connected to the 
microcircuit's bond pads. In the case of a TSOP, the pre- 
ferred modifying step is accomplished by top grinding the 
TSOP in order to remove the lead frame that was secured 
above the die and encapsulated along with it in the TSOP. 
Next, reroute metallization is applied in order to connect the 
conductive members that were exposed by the top grinding, 
to an edge of the modified PEM. Finally, if appropriate, the 
modified PEM is thinned through backside grinding and 
diced to a desired area, in order to provide a stackable 
microcircuit layer that may form a part of a dense electronic 
package. The PEM may be of any suitable type and the 
stackable microcircuit layers that results from application of 
this invention may be stacked as provided or included in 
"neo-chips" that are of greater area, that include additional 
die, or both. The stackable microcircuit layers made accord- 
ing to this invention beneficially use PEMs that are readily 
available and that include die that were typically "burned in" 
by the manufacturer rather than merely tested on a statistical 
basis as is usually the case with bare die. 
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STACKABLE MICROCIRCUIT LAYER FORMED 
FROM A PLASTIC ENCAPSULATED 
MICROCIRCUIT AND METHOD OF MAKING THE 
SAME 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] This invention relates generally to the dense pack- 
aging of electronic circuitry through the stacking of inte- 
grated circuit (IC) chips (aka microcircuits or die) and, more 
specifically, to a stackable microcircuit layer formed from a 
plastic encapsulated microcircuit and method of making the 
same 

[0003] 2. Description of the Related Art 

[0004] A publication titled "Three-Dimensional Electron- 
ics Packaging" was issued in November, 1993 by Tech 
Search International. It describes the 3-D packaging tech- 
niques offered by over thirty manufacturers. It includes a 
table comparing 23 types of packaging in terms of density, 
manufacturability, flexibility and affordability. The publica- 
tion also refers to four types of 3-D stacking techniques, one 
of which is "bare die stacking". It then divides "bare die 
assembly into standard ICS" and "custom ICs". 

[0005] The assignee of this application, Irvine Sensors 
Corporation, has been a leader in developing high density 
packaging of IC chips, originally for use in focal plane 
modules, and then for use in a variety of computer functions, 
such as memory. In the publication cited in the preceding 
paragraph, Irvine Sensors is listed as a developer of "bare 
die assemblies** using "custom ICs". 

[0006] Generally, stacking of IC chips has emphasized use 
of identical-area chips, each of which performs the same 
function. The resulting stack is a rectangular parallelepiped 
(or cube) having substantially planar outer surfaces. One or 
more of the outer surfaces is an access plane, reached by 
electrical leads from the IC circuitry of the stacked chips, in 
order to permit connection to external circuitry. 

[0007] An early effort to provide a 3-D electronics stack 
combining different functions, different area electronic chips 
is illustrated by Kravitz et al., U.S. Pat. No. 3,370,203. That 
patent shows stacked "frames" having dimensions "such that 
integrated circuits which have slightly different dimensions 
can be mounted thereon", explaining that "integrated cir- 
cuits from different sources of supply are often advanta- 
geously incorporated in a single module". 

[0008] Irvine Sensors* experience with various stacking 
methods has evolved over time: 

[0009] Silicon Die Stacking 

[0010] Irvine Sensors was initially "stacking silicon" by 

(1) buying whole silicon wafers from a wafer manufacturer, 

(2) metalizing an upper surface of the wafer to connect each 
die*s bond pads to an edge that will later be formed when the 
die is diced from the wafer; (3) dicing stackable die from the 
metallized wafer; (4) stacking the stackable die to form 
die-stacks, and then (5) forming edge connections on one or 
more sides of each die stack. Irvine Sensors found it 
troublesome to make die stacks by stacking silicon die, 
however, for several reason. 



[0011] First, it was difficult to buy whole wafers because 
the wafer manufacturers do not want to reveal their yield or 
expose their built-in test structures that would make it easier 
to reverse engineer their circuitry, because the manufactur- 
ers do not usually have an existing sales structure for selling 
whole wafers, and because the manufacturers were con- 
cerned about liability issues if the stacked product should 
come to include a defective die. 

[0012] Second, it was sometimes difficult to form the edge 
connects on the die stacks because they must be made within 
the dicing streets that have grown continually narrower as 
dicing technologies have improved. For example, the typical 
dicing street may be 6 mils or less and the saw kerf may be 
about 1.5 mils with poor registration relative to the die. As 
a result, a die's original metallization may be undesirably 
exposed to the edge and thereby make it troublesome to form 
further access plane metallization along that edge without 
shorting. 

[0013] Third, the probability of having a defective die in 
any one die-stack increases dramatically on the basis of the 
number of wafers in the wafer stack. 

[0014] Finally, silicon stacking inherently requires same 
sized or homogenous die sizes. 

[0015] Neo-Die Stacking 

[0016] As a result of the foregoing problems associated 
with silicon die stacking, Irvine Sensors developed new 
technology involved creating "Neo- Wafers" and then stack- 
ing w Neo-Chips" diced from the Neo- Wafers. 

[0017] Irvine Sensors has two patents that relate to "Neo- 
Wafers" and "Neo-Chips", Le. U.S. Pat. No. 5,953,588 
entitled "STACKABLE LAYERS CONTAINING ENCAP- 
SULATED IC CHIPS" and U.S. Pat. No. 6,072^34 entitled 
"STACK OF EQUAL LAYER NEO-CHIPS CONTAINING 
ENCAPSULATED IC CHIPS OF DIFFERENT SIZES." 
The content of these two patents are hereby incorporated by 
reference in their entirety. 

[0018] As disclosed more fully in the foregoing patents, 
the inventors make a "Neo-Wafer" by (1) buying bare die 
(preferably pre-tested or "known good" die); (2) arranging 
the bare die in a spaced arrangement within a wafer-shaped 
fixture; and then (3) pouring a potting material such as epoxy 
onto the bare die within the wafer-shaped fixture. The 
Neo-Wafers, after being removed from the fixture, are 
surface metalized and the potted die are cut from the 
Neo-Wafers to provide "Neo-Chips** of equal area that are 
suitable for stacking. A significant benefit of Neo-Wafer and 
Neo-Chips is that know good die may be used and different 
sized and number of die may be incorporated into same sized 
Neo-Chips. 

[0019] Neo-stacking offers significant improvements over 
silicon die stacking, but it also proved troublesome under 
certain market circumstances. In particular, it is often diffi- 
cult to buy bare die because many manufacturers will only 
sell only packaged die. 

[0020] When trying to buy bare DRAM die from a par- 
ticular manufacturer, for example, it was discovered that the 
manufacturer would not sell bare DRAM die, but would sell 
the DRAM die already pre-tested and installed in plastic 
packages, i.e. as "plastic encapsulated microcircuits" or 
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PEMs. The existing stacking methodologies, however, do 
not address the stacking of die contained in a plastic encap- 
sulated microcircuit. 

[0021] There remains a need, therefore, for a stackable 
microcircuit layer formed from a plastic encapsulated micro- 
circuit and a method of making the same. 

SUMMARY OF THE INVENTION 
[0022] In a first aspect, the invention may be regarded as 
a method of making a stackable microcircuit layer compris- 
ing the steps of: providing a plastic encapsulated microcir- 
cuit (PEM) that includes (a) a microcircuit having an active 
surface containing integrated circuitry and a bond pad, and 
(b) an encapsulant in contact with the microcircuit; and 
modifying the PEM to produce a modified PEM having a 
modified surface on which modified surface is exposed a 
conductive member that is electrically connected to the bond 
pad. 

[0023] In a second aspect, the invention may be regarded 
as a method of making a stackable microcircuit layer com- 
prising the steps of: providing a plastic encapsulated micro- 
circuit (PEM) that includes: (a) a microcircuit having a bond 
pad, (b) a conductive lead assembly connected to the bond 
pad, and (c) a plastic body encapsulating the microcircuit, 
the bond pad, and at least part of the conductive lead 
assembly; and grinding a top surface of the PEM to remove 
a top portion of the plastic body along with at least part of 
the conductive lead assembly to leave a planar section that 
contains the microcircuit and the bond pad. 

[0024] In a third aspect, the invention may be regarded as 
a method of making a stackable microcircuit layer compris- 
ing the steps of: providing a plastic encapsulated microcir- 
cuit (PEM) that includes (a) a microcircuit having an active 
surface containing integrated circuitry and a bond pad, (b) a 
wire bond connected to the bond pad, a lead frame, and a 
wire that connects the wire bond to the lead frame, and (d) 
a plastic body that encapsulates the known-good microcir- 
cuit, the wire bond, the wire, and at least a portion of the lead 
frame; grinding a surface of the PEM to remove the lead 
frame and the wire and form a modified PEM that contains 
the microcircuit, the bond pad, and the wire bond, the 
modified PEM having a modified surface on which modified 
surface is exposed the wire bond that is connected to the 
bond pad; and forming an electrical lead on the modified 
surface that leads from the wire bond to an edge of the 
modified PEM. 

[0025] In a fourth aspect, the invention may be regarded as 
a stackable microcircuit layer comprising: (1) a modified 
section of a plastic encapsulated microcircuit (PEM) that 
originally contained (a) a known-good microcircuit having a 
bond pad, (b) a conductive lead assembly connected to the 
bond pad, and (c) a plastic body encapsulating the known- 
good microcircuit, the bond pad, and the conductive lead 
assembly, the modified section formed by removing a por- 
tion of the conductive lead assembly from the PEM; the 
modified section having a modified surface, the modified 
section containing the known-good microcircuit, the bond 
pad, and a remaining portion of the conductive lead assem- 
bly with an end thereof exposed on the modified surface; and 
(2) a reroute lead on the modified surface of the modified 
section to connect the exposed portion of the remaining 
portion of conductive lead assembly with an edge of the 
modified section. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The just summarized invention can be best under- 
stood with reference to the following description taken in 
view of the drawings of which: 

[0027] FIG. 1 is a perspective view of a die 210 that may 
be incorporated in a stackable microcircuit layer according 
to a preferred embodiment of this invention, the die 210 
having an active surface 211 and a plurality its I/O bond pads 
212; 

[0028] FIG. 2 is a perspective view of a plastic encapsu- 
lated microcircuit 300 provided as a 54-pin Thin Small 
Outline Package ("TSOF') that is formed from an encap- 
sulant 310 that contains a die (not shown here, but see FIG. 
3) connected to a lead frame having lead tips 272; 

[0029] FIG. 3 is a perspective view of the PEM 300 of 
FIG. 2 showing the die 210 (dashed lines) and a lead frame 
270 encapsulated therein; 

[0030] FIGS. 4a to 4/ are cross-sectional views that illus- 
trate the steps of a preferred method of modifying a PEM 
300 to first form a modified PEM 400 and ultimately to form 
a stackable microcircuit layer 400* where, in particular, 

[0031] FIG. 4a is a cross-sectional view of the PEM 300 
of FIG. 3, taken along section lines 4-4, showing the internal 
die 210 and a conductive lead assembly 230 contained inside 
of the encapsulant 310; 

[0032] FIG. 4b shows a modified PEM 400 formed by 
grinding a topside of the PEM 300 of FIG. 4a until the lead 
frame 270 is removed and the gold ball bonds 231 are 
exposed; 

[0033] FIG. 4c shows the modified PEM 400 after appli- 
cation of metallization 241 that connects the die's bond pad 
212, via the gold ball bonds 231, with an edge 411 of the 
modified PEM 400; 

[0034] FIG. 4d shows the modified PEM 400 after appli- 
cation of an insulating layer 250; 

[0035] FIG. 4e shows the modified PEM 400 after back- 
side thinning; and 

[0036] FIG. 4/shows the final stackable microcircuit layer 
400* that is formed by reducing the area (if desired) of the 
modified PEM 400 of FIG. 4e along the dashed lines; 

[0037] FIG. 5 shows a stack 450 of stackable microcircuit 
layers 400*, including a cap chip 451 that is electrically 
connected to metallization formed along an access plane of 
the stack; 

[0038] FIG. 6 is a perspective view of a plastic encapsu- 
lated microcircuit 600 provided as a Plastic Ball Grid Array 
(PBGA) package that is formed from an encapsulant 610 
that contains a die 510 (dashed lines) that is electrically 
connected (not shown) to a plurality of solder ball terminals 
536 arranged in a grid pattern; 

[0039] FIGS, la to Id are cross-sectional views that 
illustrate the steps of a second preferred method of modi- 
fying a PEM, in this case a uBGA (micro Ball Grid Array) 
package 600, in order to form a modified PEM 700 and 
ultimately to form a stackable microcircuit layer 700* 
where, in particular, 
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[0040] FIG. la is an inverted, cross-sectional view of 
the PEM 600 of FIG. 3 (simplified to show only two 
solder ball terminals 536), showing the internal die 
510 and a conductive lead assembly 530 that is 
contained inside of the encapsulant 610; 

[0041] FIG. lb shows a modified PEM 700 formed 
by removing the solder ball terminals 536 such that 
one end 534 of a flexible lead beam 531 is exposed; 

[0042] FIG. 7c shows the modified PEM 700 after 
application of metallization 541 that connects the 
die's bond pad 512, via the flexible lead beam 531 
that has one end 533 in contact with the bond pad 
512 and another end 534 exposed to the metallization 
543, with an edge 711 of the modified PEM 700; and 

[0043] FIG. Id shows the final stackable microcircuit 
layer 700* that is formed after application of an 
insulating layer 550 (there is thinning or reduction in 
area as in FIGS. 4e and 4/ above because the uBGA 
was thin and chip scale to begin with); and 

[0044] FIG. 8 shows a stack 750 of stackable microcircuit 
layers 700*, including a cap chip 751that is electrically 
connected to metallization formed along an access plane of 
the stack. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0045] Io the past, bare die have been potted in special 
fixtures in order to create stackable microcircuit layers 
known as "neo-chips". Unfortunately, bare die are not 
always available and even when they are, the manufacture's 
testing is often limited to statistical "pass/fail" verifications 
using parametric measurements and suitable guard bands. 
The present invention, however, is directed to creating 
stackable microcircuit layers in a novel "reverse" manner, 
i.e. by starting with plastic encapsulated microcircuits 
(PEMs) or, in other words, by starting with already packaged 
die. There are two significant benefits to starting with PEMs. 
First, PEMs are readily available for purchase in the mar- 
ketplace. Second, the die contained in the PEMs are usually 
pre-tested and fully burned-in by the manufacturer. 

[0046] FIG. 1 shows, by way of background, a die 210 
that includes an active surface 211 containing integrated 
circuitry and a plurality of bond pads 212. Ordinarily, wires 
are bonded to the bond pads 212 in order to provide power, 
communicate control signals, and the like, to and from the 
circuitry via the leads of a package that suitably contains the 
die 210. Here, the bond pads 212 are arranged in a straight 
line down the center of the die 210, but the actual arrange- 
ment of bond pads may vary. Dies like that shown in FIG. 
1 are carried in all varieties of packages, two of which are 
discussed below. 

[0047] Preferred Embodiment— TSOP Package 

[0048] FIG. 2 shows a typical plastic encapsulated micro- 
circuit (PEM) 300 that is formed from a plastic, injection 
molded encapsulant 310 and may be used to practice this 
invention. The particular PEM 300 of FIG. 2 is a 54-pin 
TSOP (Thin Small Outline Package) that has a plurality of 
leads 272 extending from the encapsulant 310. It should be 
understood, however, that there are a wide variety of con- 



ventional and "chip-scale** package designs that already 
exist or may be later designed that may be used according to 
this invention. 

[0049] As visually suggested by mentally moving the die 
210 of FIG. 1 into the PEM 300 of FIG. 2, FIG. 3 shows 
that the die 210 is encapsulated inside of the PEM 300. In 
this particular case, the die's bond pads 212 are electrically 
connected to a lead frame 270 that is encapsulated along 
with the die 210 while providing the leads 272 that extend 
from the PEM's encapsulant 310. 

[0050] FIGS. 4a to 4/ are cross-sectional views that illus- 
trate the steps of a preferred method of modifying the PEM 
300 of FIG. 3 to first form a modified PEM 400 and 
ultimately to form a stackable microcircuit layer 400*. As 
shown in such figures, a first embodiment of the herein 
disclosed method of making a stackable microcircuit layer 
400* comprising the steps of: providing a PEM 300 that 
includes (a) a microcircuit 210 having an active surface 211 
containing integrated circuitry and a bond pad 212, and (b) 
an encapsulant 310 in contact with the microcircuit 210; and 
modifying the PEM 300 to produce a modified PEM 400 
having a modified surface on which modified surface is 
exposed a conductive member (e.g. a section of the ball bond 
231 or a section of the wire 232) that is electrically con- 
nected to the bond pad 212. 

[0051] FIG. 4a, in more detail, is a cross-sectional view of 
the PEM 300 of FIG. 3, taken along section lines 4-4, 
showing the internal die 210 and a conductive lead assembly 
230 contained inside of the encapsulant 310. The conductive 
lead assembly 230 in this particular PEM 300 was formed by 
using a lead frame adhesive 320 (typically, in the case of a 
TSOP, a polymide adhesive layer that is located on either 
side of the bond pads 212) to secure a lead frame 270 above 
the die 210. In this particular case, moreover, a tbermosonic 
ball bond process was used to connect the bond pads 212 to 
the lead frame 270. The precise manner of connection is not 
relevant to the present invention, but generally, as is well 
known in the art, a plurality of wires 232 are connected from 
each bond pad 212 to a corresponding portion of the lead 
frame 270 by first forming a gold ball 231 at one end of the 
wire 232, ultrasonically bonding the gold ball 231 to the 
bond pad 212, and then compressing the other end of the 
wire 212 to the lead frame 270 to form a so-called "crescent 
bond" on the lead frame. As further shown in FIG. 4a, the 
PEM's encapsulant 310, usually formed in an injection 
molding process, surrounds the die 210 and includes an 
upper portion 311 that covers the conductive lead assembly 
230 (gold ball 231, wire 232, and lead frame 270). 

[0052] FIG. 46 relates to modifying the PEM 300, here by 
grinding or top thinning. Other alternatives could be used, of 
course, such as wet etching, dry etching as with a plasma, 
hand lapping with a diamond paste, and so on. FIG. 4b, in 
particular, shows a first preferred method of modifying the 
PEM 300 to form a modified PEM 400. Here, the PEM 300 
is ground from the top through the lead frame 270 In other 
words, this modifying step is accomplished by grinding a 
topside of the PEM 300 of FIG. 4a in order to remove the 
lead frame 270, in order to expose an upper surface of the 
lead frame adhesive 320 that once secured the lead frame 
270, and in order to expose a conductive member that is 
electrically connected to the bond pad 212 (e.g. a section of 
the wire 232 and/or a section of the gold ball bond 231). The 
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presently preferred method of grinding involves using a 
Strausbaugh wafer grinder with the PEM mounted on a 
blank dummy wafer, but different grinding methods may be 
used. 

[0053] FIG. 4c relates to adding reroute metal by forming 
an electrical lead 241 on the modified surface of the modi- 
fied PEM 400. FIG. 4c, in particular, shows the modified 
PEM 400 after application of metalli2ation 241 that connects 
the die's bond pad 212, via the gold ball bond 231, with an 
edge 411 of the modified PEM 400. The processes used to 
lay down the reroute metaliization are well known. One such 
process, for example, involves sputtering on a field layer of 
metal, applying an emulsion and processing it to define the 
desired pattern; and then etching away the undesired por- 
tions of the field layer to leave only the desired metalliza- 
tion. The reroute metallization may be applied to each 
modified PEM 400, one at a time, or to several at a time by 
establishing a suitable gang processing procedure. It should 
be noted that in some applications it may be possible to 
retain the original lead frame 270 and not apply new reroute 
metal 24. This is particularly true for memory stacking 
applications where the access plane connections on the side 
of the stack are highly bused. 

[0054] FIG. 4d relates to adding an insulating layer 250 
that covers the electrical reroute lead 241. FIG. 44 in 
particular, shows the modified PEM 400 after application of 
an insulating layer 250. The preferred insulating layer 250 is 
a polyimide that is spun on or sprayed on as desired. 

[0055] FIG. 4e relates to an optional back thinning step. 
FIG- 4e, in particular, shows the modified PEM 400 after 
such backside thinning. Backside thinning is particular 
desirable in the case of a TSOP because it makes the ultimate 
stackable microcircuit layer 400* thinner (about 10 mils in 
thickness), because it removes plastic that would otherwise 
be thermally insulative, and because it allow for tighter 
height tolerance that may prevent tolerance runout when 
connecting to separate electrically isolated leads in a stack of 
the microcircuit layers 400*. 

[0056] FIG. 4/ relates to an optionally reducing the area of 
the modified PEM 500 by, in this case, dicing. FIG- 4g in 
particular, shows the final stackable microcircuit layer 400* 
that is formed by dicing the modified PEM 400 of FIG. 4e 
along the dashed lines. At this point, the stackable micro- 
circuit layer 400* is comparable to a Neo-Chip except that 
here the die 210 was provided as part of a PEM 300 and was 
likely burned-in by the manufacturer and here the die 210 is 
surrounded by a portion of the encapsulant 310 that was part 
of the original PEM 300 rather than by an after-added 
potting material such as epoxy. 

[0057] FIG. 5 shows a typical stack 450 that may be 
formed from several stackable microcircuit layers 400*, 
including a cap chip 451 that provides interface pads that are 
electrically connected to metallization 453 that is formed 
along an access plane of the stack 450 in order to provide 
so-called "t-connections" with the reroute metallization 241 
(or original lead frames) of the individual layers 400*. The 
preferred cap chip 451 is a printed circuit board, but it could 
be made from any suitable insulator (e.g. ceramic) that can 
be processed to provide the required via holes (not sepa- 
rately numbered). Here, the stack is homogenous, but it is 
also possible, of course, to produce stacks of equal or 
unequal area layers that contain different sized and differ- 



ently numbers of die. It should also be noted that a stackable 
microcircuit layer 400* may itself be further potted, alone or 
with other die, to create a neo-chip of greater area or 
enhanced capability. 

[0058] Alternative Embodiment — /iBGA Package 

[0059] As suggested above, the present invention may be 
practiced with different types of packages and is not limited 
to plastic TSORs. In order to illustrate this concept, the 
inventors also contemplate modifying a /<BGA package in 
order to produce a stackable microcircuit layer. 

[0060] FIG. 6, in particular, is a perspective view of a 
plastic encapsulated microcircuit 600 provided as a micro- 
Ball Grid Array (uBGA) package that is formed from an 
encapsulant 610 that contains a die 510 (dashed lines) that 
is electrically connected (not shown) to a plurality of solder 
ball terminals 536 arranged in a grid pattern on a bottom side 
of the package 

[0061] The application of the present invention to a PEM 
600 in the form of a ^BGA Package is illustrated by Figures 
FIGS, la to Id. 

[0062] FIG. la is our starting place in that it shows an 
inverted, cross-sectional view of the PEM 600 of FIG. 3 
(simplified to show only two solder ball terminals 536). 
FIG. la shows that the die 510 and the conductive lead 
assembly 530 are contained inside of the encapsulant 610. 
There are some important differences, however, relative to 
the TSOP PEM 300. 

[0063] The precise manufacture of the //BGA PEM 600 is 
well known, but a few observations as to its finished 
structure may help as related to this invention. Unlike the 
TSOP discussed above, the encapsulant 610 more closely 
conforms to the area of the die 510 (i.e. it is a "chip scale" 
package) and an inactive surface of the die 510 is exposed. 
The conductive lead assembly 530 also differs from that 
found in a TSOP. In particular, the /*BGA PEM 600 includes 
a flexible lead beam 531 that is supported on an elastomeric 
pad 620 having one end adhered to the bond pad 512 and 
another end in contact with a deposited solder ball 536. The 
flexible lead beam 531 is typically formed from a conductive 
trace provided on a flexible substrate such as a polyimide 
film. A succession of insulating layers 631 are provided in 
the original manufacture of the PEM 600. 

[0064] FIG. lb, like FIG. 4b, relates to modifying the 
PEM. Here, however, the modifying is not accomplished by 
grinding or top thinning, but rather by removing at least a 
portion of the solder balls 536. In the preferred embodiment, 
the removing of at least a portion of the solder ball is 
accomplished by heating the solder ball to form molten 
solder and wicking away the molten solder. It may also be 
possible to remove a portion of the solder balls 536 through 
a mechanical shearing operation. FIG. lb shows a modified 
PEM 700 formed by removing the solder balls 536 such that 
one end 534 of a flexible lead beam 531 is exposed; 

[0065] FIG. 7c, like FIG. 4c, relates to adding reroute 
metal by forming an electrical lead 541 on the modified 
surface of the modified PEM 700. FIG. 7c, in particular, 
shows the modified PEM 700 after application of reroute 
metallization 541 that connects the die's bond pad 512, via 
the flexible lead beam 531 that has one end 533 in contact 
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with the bond pad 512 and another end 534 exposed to the 
metallization 543, with an edge 711 of the modified PEM 
700; and 

[0066] FIG. Id, like FIG. 4d, relates to adding an insu- 
lating layer 550 that covers the electrical reroute lead 541. 
At this point, the result is the final stackable microcircuit 
layer 700*. There is no need for back thinning or reduction 
in area as in FIGS. 4e and 4/ above because the uBGA was 
thin and chip scale to begin. 

[0067] FIG. 8 shows a typical stack 750 that may be 
formed from several stackable microcircuit layers 700*, 
including a cap chip 751 that provides interface pads that are 
electrically connected to metallization 753 that is formed 
along an access plane of the stack 750 in order to provide 
so-called "t-connections" with the reroute metallization 541 
of the individual layers 700*. FIG. 8, of course, is compa- 
rable to FIG. 5. 

[0068] As noted before, the stack 750 is shows as homog- 
enous, but it is also possible, of course, to produce a stack 
of equal or unequal area layers that contain different sized 
and differently numbers of die. It should also be noted that 
a stackable microcircuit layer 700* may itself be further 
potted, alone or with other die, to create a neo-chip of greater 
area or enhanced capability. 

[0069] From the foregoing description, it will be apparent 
that the method and apparatus disclosed in this application 
will provide the significant functional benefits summarized 
in the introductory portion of the specification. 

[0070] The following claims are intended not only to 
cover the specific embodiments disclosed, but also to cover 
the inventive concepts explained herein with the maximum 
breadth and comprehensiveness permitted by the prior art 



What is claimed is: 

1. A method of making a stackable microcircuit layer 
comprising the steps of: 




providing a plastic encapsulated microcircuit (PE M) that 
includes 



, (a) a microcircuit having an active surface containing 
integrated circuitry and a bond pad, and 

(b) an encapsulant in contact with the microcircuit; and 

Jk modifying th e PEM in pr oduce a modifiedPEM havi ng a 
m odifie d surface on which modified sur fac e is ftyp n^d 
a conductive member that is elec tricall y connect ed to 
the bond pad. 

2. Trie methodic claim 1 further comprising the step of 
forming an electrical lead on the modified surface of the 
modified PEM that leads from the conductive member to an 
edgg_g fthe modified PE M 

3. The method of claim 1 wherein the microcircuit is a 
pre-tested microcircuit. 

4. The method of claim 1 wherein the microcircuit is a 
bumed-in microcircuit. 

5. The method of claim 2 wherein the modifying step is 
a^oinplished through grinding. 

& 6.Tiie method of claim 2 comprising the further step of 
covering the electrical lead with an insulating layer. 
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7. The method of claim 1 comprising the further step of 
reducing the thickness of the modified PEM by thinning a 
backside of the modified PEM that is opposite to the 
electrical lead. 

8. The method of claim 7 wherein the step of reducing the 
thickness of the modified PEM by thinning a backside of the 
modified PEM is accomplished through grinding. 

9. The method of claim 1 comprising the further step of 
reducing the area of the modified PEM. 

10. The method of claim 9 wherein the further step 
reducing the area of the modified PEM is accomplished by 
sawing the modified PEM along one or more edges. 

11. The method of claim 1 wherein the conductive mem- 
ber that electrically connects to the bond pad is part of a wire 
bond. 

12. The method of claim 11 wherein the conductive 
member is a gold ball bond. 

13. The method of claim 11 wherein the conductive 
member is a wire. 

14. The method of claim 11 wherein the conductive 
member is a wedge bond. 

15. The method ofclaim 11 wherein the conductive mem- 
ber is a lead frame. 

16. The method of claim 1 wherein the conductive mem- 
ber that electrically connects to the bond pad is a conductive 
trace on a flexible substrate. 

17. The method of claim 16 wherein the conductive trace 
is a flexible lead beam and the flexible substrate is a 
polyimide film. 

18. The method of claim 1 wherein the PEM's encapsu- 
lant is a plastic body that at least partially encapsulates the 
microcircuit. 

19. The method of claim 18 wherein the conductive 
member that is electrically connected to the bond pad is 
encapsulated in the plastic body of the PEM and wherein the 
modifying step comprises thinning a first side of the PEM to 
expose the conductive member. 

20. The method of claim 19 wherein the PEM comprises 
a thin small outline package (TSOP) containing a gold ball 
bond, a lead frame, and a wire that are collectively encap- 
sulated in the plastic body of the PEM, wherein the gold ball 
bond is formed on the bond pad, wherein the wire connects 
the gold ball bond to the lead frame, and wherein the gold 
ball bond is the conductive member exposed on the modified 
surface of the modified PEM through thinning. 

21. The method ofclaim 20 wherein the thinning removes 
the lead frame and the wire along with a portion of the 
plastic body. 

22. The method ofclaim 18 wherein the PEM comprises 
a uBGA package that includes a polyimide film and a 
flexible lead beam that are collectively encapsulated in the 
plastic body, wherein one end of the flexible lead beam is 
connected to the bond pad, and wherein a solder ball is 
deposited onto an exterior side of the polyimide film in 
contact with an opposite second end of the flexible lead 
beam. 

23. The method of claim 22 wherein the modifying step 
comprises removing at least a portion of the solder ball. 

24. The method of claim 23 wherein the removing of at 
least a portion of the solder ball is accomplished by heating 
the solder ball to form molten solder and wicking away the 
molten solder. 
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25. The method of claim 24 wherein the he removing of 
at least a portion of the solder ball is accomplished by 
shearing. 

26. A method of making a stackable microcircuit layer 
comprising the steps of: 

providing a plastic encapsulated microcircuit (PEM) that 
includes: 

(a) a microcircuit having a bond pad, 

(b) a conductive lead assembly connected to the bond 
pad, and 

(c) a plastic body encapsulating the microcircuit, the 
bond pad, and at least part of the conductive lead 
assembly; and 

grinding a top surface of the PEM to remove a top portion 
of the plastic body along with at least part of the 
conductive lead assembly to leave a planar section that 
contains the microcircuit and the bond pad. 

27. The method of claim 26 further comprising the step of 
forming an electrical lead on top of the planar section which 
leads from the bond pad of the microcircuit to at least one 
edge of the planar section. 

28. The method of claim 26 wherein the grinding step also 
leaves a vestigial part of the conductive lead assembly in the 
planar section. 

29. The method of claim 26 wherein the vestigial part of 
the conductive lead assembly is a part of a wire bond. 

30. A method of making a stackable microcircuit layer 
comprising the steps of: 

providing a plastic encapsulated microcircuit (PEM) that 
includes 

(a) a microcircuit having an active surface containing 
integrated circuitry and a bond pad, 

(b) a wire bond connected to the bond pad, a lead 
frame, and a wire that connects the wire bond to the 
lead frame, and 

(d) a plastic body that encapsulates the known-good 
microcircuit, the wire bond, the wire, and at least a 
portion of the lead frame; 

grinding a surface of the PEM to remove the lead frame 
and the wire and form a modified PEM that contains the 
microcircuit, the bond pad, and the wire bond, the 
modified PEM having a modified surface on which 
modified surface is exposed the wire bond that is 
connected to the bond pad; and 

forming an electrical lead on the modified surface that 
leads from the wire bond to an edge of the modified 
PEM. 

31. The method of claim 30 wherein the PEM has a 
package form factor known as a thin small outline package 
(TSOP). 

32. The method of claim 30 comprising the further step of 
covering the electrical lead with an insulating layer. 

33. The method of claim 30 comprising the further step of 
reducing the thickness of the modified PEM by thinning a 
backside of the modified PEM that is opposite to the 
electrical lead. 

34. The method of claim 30 comprising the further step of 
reducing the area of the modified PEM. 



35. The method of claim 34 wherein the further step 
reducing the area of the modified PEM is accomplished by 
sawing the modified PEM along one or more edges. 

36. A stackable microcircuit layer comprising: 

(1) a modified section of a plastic encapsulated microcir- 
cuit (PEM) that originally contained (a) a known-good 
microcircuit having a bond pad, (b) a conductive lead 
assembly connected to the bond pad, and (c) a plastic 
body encapsulating the known-good microcircuit, the 
bond pad, and the conductive lead assembly, 

the modified section formed by removing a portion of 
the conductive lead assembly from the PEM; 

the modified section having a modified surface, 

the modified section containing the known-good micro- 
circuit, the bond pad, and a remaining portion of the 
conductive lead assembly with an end thereof exposed 
on the modified surface; and 

(2) a reroute lead on the modified surface of the modified 
section to connect the exposed portion of the remaining 
portion of conductive lead assembly with an edge of the 
modified section. 

37. The stackable microcircuit layer of claim 36wherein 
the commercially packaged microcircuit assembly has a 
package form factor known as a thin small outline package 
(TSOP). 

38. The stackable microcircuit layer of claim 37 wherein 
the modified section is a planar section containing the 
known-good microcircuit, the bond pad, the remaining por- 
tion of the conductive lead assembly, and a reduced-height 
portion of the plastic body. 

39. The stackable microcircuit layer of claim 38 wherein 
the conductive lead assembly originally comprises a wire 
bond, a lead frame, and a wire that are collectively encap- 
sulated in the plastic body of the PEM, wherein the wire 
bond is formed on the bond pad, and wherein the wire 
connects the wire bond to the lead frame. 

40. The stackable microcircuit layer of claim 39 wherein 
the remaining portion of the conductive lead assembly that 
is exposed on the modified surface is the wire bond. 

41. The stackable microcircuit layer of claim 40 wherein 
the wire bond is exposed on the modified surface by grinding 
away a portion of the plastic body along with the lead frame, 
the wire, and a portion of the wire bond. 

42. The stackable microcircuit layer of claim 36 wherein 
the commercially packaged microcircuit assembly has a 
package form factor known as a micro-Ball Grid Array 
(uBGA) package. 

43. The stackable microcircuit layer of claim 42 wherein 
the modified section contains the known-good microcircuit, 
the bond pad, the remaining portion of the conductive lead 
assembly, and the plastic body. 

44. The stackable microcircuit layer of claim 43 wherein 
the conductive lead assembly originally comprises a con- 
ductive trace, a flexible substrate that supports the conduc- 
tive trace, and a solder ball, a first end of the conductive trace 
connected to the bond pad and a second end of the conduc- 
tive trace connected to the solder ball. 

45. The stackable microcircuit layer of claim 44 wherein 
the remaining portion of the conductive lead assembly that 
is exposed on the modified surface is the second end of the 
conductive trace. 

* * * * ♦ 
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